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Abstract 

We explain the difference of the Hilbert space of the superconformal ghosts (P, 7) system 
from that of its bosonized fields <P and X- We calculate the chiral correlation functions of q>, 

X fields by inserting appropriate projectors. 

Recently, many authors have investigated the bosonization ~f superconformal ghosts /? and 7 l,J - Unlike 
the fermionic ghosts b and c, the bosonization of (P, y) system have some problems. 

Locally, (P,T) system is equivalent to two scalar fields tp and X s - Although the chiral correlation functions 
of P, y fiel ds have been calculated’- \ the calculation of the chiral correlation functions of <P, X fields will be 
troublesome. Besides the redundant zero -modes of the bosonized fields, the main reason is that cp , X fields 
have a large Hilbert space than (P, y) system. In ref. (4), this enlargement was explained as caused by the 
freedom of choosing the background ghost charge, the so-called picture, and by introducing projectors which 
specify the picture of each loop, the Hilbert space of <P, X fields are restricted to the degrees of freedom of 
the (P, y) system. In this paper, we explain this problem from an elementary point of view, and then apply 

new projector for the calculation of the chiral correlation functions of <p, X fields. 

We consider the (P, 7) system corresponding to superstring theory, i. e. with conformal dimensions — . 

— respectively. Locally, (P, 7) system is identified with a scalar field (p and a pair of fermions ( , >1 with 
conformal weights 0, 1 respectively. 

p=dte- iq> y=t/e i<p (l) 

The (p field is coupled to background charge Q = 2, and is described by the action 

S[<p]= R( f>) (2) 

where, g zz is a Riemann metric and R is the corresponding scalar curvature. We can again bosonizing ({, rj) 
system via another scalar field X 

£ = e ix t1 = Q~ u (3) 
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The x field is coupled to background charge Q = — 1 and is described by the action 

S[X]=-^ r jd 2 Z(a 1 ;(cL)C+jVg R *> < 4 > 

(p and X fields are both restricted to taking values on a unit circle R/2nZ ; this compactification 
results soliton configurations on Riemann surface £ g with genus g>0, and insures the necessary 
holomorphic factorization 5 . 

The classical soliton sectors can be labeled by the winding numbers for the canonical homology 
basis (a,, bj) . The soliton solutions of <p, X fields with winding numbers (n,, bj) are given by 

^nm ( Z ) = 71 (m + TTl)(ImT) Z + c • c • 

(5) 

*nm( z) =i7t(m + tn )(ImT) z + c . c • 

where t is the period matrix of X * • For simplicity, we have denoted the Jacobi reap J at as z . 

0 

The corresponding action 

S [<p nm] = y<m+Tn)(I>nTj‘ 1 (m+ xn)+2S b 

s UnJ =_ ^""( m + T n )(ImT ) — S b ( 6 ) 

S b = rc (m + Tn)(lmT) l A ~c-c- 


where, A is Riemann class . 

We consider the following correlation functions 


n-t-i n n 

A 5 = f [d(pdCdv] 5 e _st<P ’ C,n] n C(Z a ) nt/Cybjne " 3 

J a= 1 b-1 c=l 


where q c are integer satisfying £q c = 2(S — 1), and <5 is a specific spin structure . 

If (p and X are treated independendy, the result will be different from that of the corresponding P , 
y fields . We notice that 

a) the bosonized fields have redundant zero - modes of f and q fields . 
and b) the (<p, x) system has a larger Hilbert space than that of the (/?, y) system, since <p and 
X are not independent globally . Thus we must have appropriate constriants, otherwise, some global 

configurations will be computed repeatiy , 

The first aspect can be resolved by inserting operators <Hf(X)), f]<5( f K r i)) to remove zero - 

i=i 

modes of (, 1 fields . rj has zero-modes at i= 1, •••, g, and ( has a constant zero-mode, thus 
X is an arbitrary point on . In order to avoid to compute the similar part of global configurations 
of (p, x fields, we introduce projector 
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( 8 ) 


<5(m * — m <p) <5( n x - n<p) 


to restrict tp, X on the same soliton sector at the same time . 

Now, according to Riemann - Roch theorem, (7) must be modified as follow 

ft ® ** iq (z ) 

As = [dMCd^e-^^’nu^n-Ky^nf <» 

J <5 a = 1 b= 1 c= 1 

Inserting our projector 

5(C(x)) nW( r i )) d(m<p-m x ) d(n x -n 9 ) 

i= 1 

we have 

A J =<n«>‘.) ni( y b )fle iq ' , ’ < ^ 1 - ^ < c< ) ) fl ^ f r i } > ^( m ;- m *)'5< n x“ n 'i>)>s 

a=l b=l C=1 i=l 

For the <5 -functions with fermion arguments, <5(() = f, <5 ( q ) =rj, and labelling the arbitrary X as \- 
we get 

A l =<“n , c ttW n e_iz(yb) fie KL<p(z ' ) PI e -a<ri> 5 C m x -n v)(5 ( n x ~ n <p)>5 

a = 1 b = l c=l i= 1 

This result can be written as a soliton sum Awl. s multiplied the amplitude of zero soliton sector 

A <5 — A <5 . A Qo ( 10 ) 

Aqo is the result of the single — valued part of <p, X field s . It is trivial that 5 

- 1 

A 0 o= exp{2irlm( Xx a -lY b -£r, + £ q c z c - A Xlmt) Im(£x a -lY b 

r^zy' 2 "* 


Zfi + Iq.z.- A))* 


J b l<y(yb)n<y( r i) 


nEtz,,^)^ n<y(xj 


X 


IlE (x ,, FI E (y v y 1%) n E (r, ,rp n E (y b .r, ) 

b,<b 2 


a,<aa 




b<r { 


FI E ( x a ,y b) n E ( x a? r i ) 


a, b 


(11) 


Using Possion summation formula, we get- 
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A*,, <5 = (detImt)exp{-27iIm(Zx i -Iy b + Iq e z c -Zr i -A)(ImT)-'. Im(£ x -Ly b 


+lq c z c -I r-A)}. 


lexp { 7r ip z t p z + 2 TriP, ( Lx - Ly b -Irj +A) } 

P* 


• Iexp{ - 7ri(p» + S )t(p, + <5) + 2n\{V 9 + ^)(Lcuz c -2 A+d')}! 2 


(12) 


Here, S\5'e( yX/:f, and S = [f.] 

From (11) and (12), holomorphic anomaly factors of and A m) 4 can cancell each other. Thus we can 
have chiral correlation functions 


Um + Lx-Iy b + Iq c z c - 2 A) 

Af i " 1 = (detImT)T 

fm (-x*. + Ix-Ly b + Lcuzc-2A) 

a o = l 


nE(x„,x. J )nE(y v 

a!<a2 b,<bj 

( 13 ) 

riE(x.,y b ) r[E(z Ci , n^ 

a, b c„ c, c 


Thus, by inserting appropriate projector to remove the zero -modes of (, tj fields and restrict <p, X on the 
same soliton sector, we get the correct chiral correlation functions of (p, x fields. As compared with ref. (4), our 
approach is more comprehensive. 
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